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1 EP 0 564 

Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates in general to the field of 5 
electronic systems and more particularly to a multi- 
mode analog to digital converter and method. 

BACKGROUND OF THE INVENTION 

10 

[0002] Analog to digital converters ("ADCs") are elec- 
tronic devices which generate a digital signal from an 
analog input. ADCs serve to bridge the gap between dig- 
ital signal processing and analog signal processing 
equipment in many areas including computer I/O inter- 15 
faces, lab test equipment and consumer goods such as 
digital audio tape recorders. 

[0003] ADCs convert their analog input to a digital out- 
put according to a mathematic transfer function. Linear, 
A-law companding and u-law companding are three 20 
popular transfer functions known in the art which are 
widely accepted. Heretofore, ADCs have converted da- 
ta according to either (1) a linear transfer function, (2) 
one of the companding functions or (3) either of the com- 
panding functions as selected by the user. No known 25 
ADC has allowed a user to alternatively convert an an- 
alog input into a digital output by a linear or by a com- 
panding transfer function. At least two devices have 
been required to perform all three conversion modes. 
[0004] Therefore, a need has arisen for an ADC which 30 
is operable to convert an analog input into a digital out- 
put by either a linear, A-law companding or u.-law com- 
panding transfer function. 

[0005] US-A-4,764,753 discloses an analog to digital 
converter suitable for fabrication on an integrated circuit. 35 
The converter is of the type when a voltage generated 
by a built-in D/A converter is successively subtracted 
from an input analog signal and the digital code of the 
built-in D/A converter is derived as the digital output 
when the coincidence between the voltage generated *o 
by the D/A converter and the input analog signal is de- 
tected by a comparator. The output of the comparator is 
fed back and superposed on the subtracted result as 
well as being used to control the D/A converter. In one 
example, an array circuit includes capacitors whose ca- 45 
pacitances are sequentially weighted by a factor of 2. 
First ends of those capacitors are coupled in common 
to an inverting input of an operational amplifier which 
forms an integrator. The other ends of the capacitors are 
connected to common electrodes of switches which 50 
take three states. An up/down counter has 6-bit outputs 
used to control the switches. An analog summing circuit 
comprises a capacitor and a switch. 
[0006] US-A-4,982,194 discloses a back-sampling 
charge redistribution analog to digital converter. In one 55 
example, a first switch connects an input terminal of a 
capacitor array between an analog input signal and a 
reference signal. The capacitor array consists of binarily 
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weighted capacitors plus one additional capacitor of a 
weight corresponding to the capacitor array's least sig- 
nificant bit. A first terminal of each capacitor is connect- 
ed to the input terminal of the array or to an analog 
ground by individually controllable switches. The sec- 
ond terminal of each capacitor is connected together to 
an output terminal of the array which is connected as an 
input to the comparator. A switch connects the output 
terminal of the array and the second terminal of the in- 
dividual capacitors to an analog ground. A feedback 
switch connects the output of the comparator to its input. 
Upon completion of a successive approximation routine 
or conversion, a final digital value of the analog input is 
fixed by a latch and outputted if desired. 
[0007] The present invention provides an analog to 
digital converter as claimed in claim 1 . 
[0008] In accordance with the present invention, an 
analog to digital converter is provided which substan- 
tially eliminates or reduces disadvantages and prob- 
lems associated with prior analog to digital converters. 
[0009] A multi-mode analog to digital converter is de- 
scribed for converting an analog input into a digital value 
according to a linear or a companding transfer function. 
The converter comprises a comparator, a successive 
approximation register and a charge redistribution de- 
vice. The comparator compares the input voltage and a 
generated voltage. The successive approximation reg- 
ister generates a provisional binary word responsive to 
the output of the comparator. The charge redistribution 
device generates the generated voltage according to 
the provisional binary word and to a selected transfer 
function. The transfer function is selected from the group 
consisting of linear and companding. 
[0010] A first technical advantage of the disclosed in- 
vention is its flexibility. A user may transfer an analog 
input into digital output according to any of three transfer 
functions: linear, A-law companding or u-law compand- 
ing. 

[001 1] A second technical advantage of the disclosed 
invention is its compactness. All three modes of opera- 
tion are accomplished by a device substantially the 
same size as prior ADCs. 

[0012] A third technical advantage of the disclosed 
system is its accuracy. The ADC employs capacitor ar- 
rays in a charge redistribution method. Conventional 
photolithographic techniques are able to produce 
matched sets of capacitors which increase the accuracy 
of the resultant output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the 
present invention, and the advantages thereof, refer- 
ence is now made to the following descriptions taken in 
conjunction with the accompanying drawings, in which: 

FIGURES 1a and 1b graphically depict a linear and 
companding transfer function respectively; 
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I. Mathematical Background 

A. Linear 

B. Companding 

1. A-law companding 

2. u-law companding 

II. ADC Overview 

A. Implementation 

B. Operation 

III. Electronic Implementation 



A. Signal description 

B. Analog overview 

C. Digital overview 

D. Step capacitor array 
20 E. Segment capacitor array 

F. Step switches 

G. Segment switches 

H. Segment array input switches 

I. Step decoder 



FIGURE 2 depicts a high level diagram of the dis- 
closed multi-mode analog to digital converter; 
FIGURES 3a and 3b graphically depict a successive 
approximation decision tree for a linear and a com- 
panding transfer function respectively. 
FIGURES 4a and 4b depict a high level diagram of 
the analog half of the disclosed analog to digital 
converter; 

FIGURE 5 depicts a high level diagram of the digital 
half of the disclosed analog to digital converter; 
FIGURE 6 depicts a schematic diagram of the 
STARRAY block depicted in FIGURE 4a; 
FIGURE 7 depicts a schematic diagram of the SE- 
GARRAY block depicted in FIGURE 4b; 
FIGURE 8 depicts a schematic diagram of the 
STPSW cell depicted in FIGURE 4a; 
FIGURE 9 depicts a schematic diagram of the SEG- 
SW cell depicted in FIGURE 4b; 
FIGURE 10 depicts a schematic diagram of the 
ADIN block depicted in FIGURE 4a; 
FIGURE 11 depicts a high level diagram of the STP- 
DEC block depicted in FIGURE 5; 
FIGURE 1 2 depicts a schematic diagram of the SS- 
WCON cell depicted in FIGURE 11; 
FIGURE 13 depicts a schematic diagram of the AU- 25 
CON block depicted in FIGURE 11 ; 
FIGURES 14a and 14b depict a high level diagram 
of the SEGDEC block depicted in FIGURE 5; 
FIGURE 15 depicts a schematic diagram of the 
DASWCONA block depicted in FIGURE 14a; 30 
FIGURE 16 depicts a schematic diagram of the 
DASWCONB block depicted in FIGURE 14a; 
FIGURE 17 depicts a schematic diagram of the 
DASWCONC block depicted in FIGURE 14a; 
FIGURE 18 depicts a schematic diagram of the 35 
DASWCOND cell depicted in FIGURES 14a and 
14b; 

FIGURE 19 depicts a schematic diagram of the 
DASWCONE block depicted in FIGURE 14b; 
FIGURE 20 depicts a schematic diagram of the *o 
DASWCONF block depicted in FIGURE 14b; 
FIGURE 21 depicts a high level diagram of the block 
ADSAR depicted in FIGURE 5; 
FIGURE 22 depicts a schematic diagram of the 
SIGL block SGNL depicted in FIGURE 21 ; and 45 
FIGURE 23 depicts a schematic diagram of the 
BITL cell depicted in FIGURE 21 . 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[0014] The preferred embodiment of the present in- 
vention and its advantages are best understood by re- 
ferring to FIGURES 1 through 23 of the drawings, like 
numerals being used for like and corresponding parts of 
the various drawings. 55 
[0015] The disclosed invention is described in con- 
nection with the following Table of Contents: 



1 . Step switch controller 

2. Companding controller 

J. Segment array decoder 

1. Segment switch controller A 

2. Segment switch controller B 

3. Segment switch controller C 

4. Segment switch controller D 

5. Segment switch controller E 

6. Segment switch controller F 

K. Successive approximation register 

1. Sign bit latch 

2. Bit latch 

I. MATHEMATICAL BACKGROUND 

[0016] FIGURES 1a and 1b graphically depict a linear 
and a companding transfer function respectively. 

A. Linear 

[0017] In FIGURE 1a, a digital value along the hori- 
zontal axis may be related to an analog value along the 
vertical axis by the simple relationship: 

iyi = i x/ w| 

where y is the digital value, x is the analog value, x max 
is the maximum analog value, and m is the slope of the 



3 



5 



EP 0 564 143 B1 



6 



depicted line. A linear transfer function is appropriate 
where the expected input values are evenly distributed 
among all possible choices. 

[0018] In the illustrated embodiment, a linear data 
word is thirteen bits long. The first bit is a sign bit indi- 5 
eating whether the analog output is above or below a 
selected reference value. 

B. Companding 

10 

[0019] Companding ("compressing + expanding") 
transfer functions are used when accuracy and discrim- 
ination around a particular point are more important than 
linearity. In FIGURE 1b, the most important values are 
those near the origin of the underlying coordinate sys- f 5 
tern. A greater proportion of digital values are allotted to 
analog values near the origin than to analog values 
away from the origin. A logarithmic function may be used 
to describe the depicted curve. For implementation in 
digital electronics, however, the logarithmic curve is ap- 20 
proximated by sixteen linear segments. The end point 
of each segment is indicated by a dot in the FIGURE. 
The A-law and u-law companding transfer functions dif- 
fer slightly from one another near the origin. 
[0020] In the illustrated embodiment, the companding 25 
data word is eight bits long. The first bit is a sign bit in- 
dicating whether the analog output is above or below a 
selected reference value. 

1. A-law companding 30 

[0021] The A-law companding transfer function is giv- 
en by the relation: 

l » l = T^'°'° s l*'*«.»l s1 ' /l 

where A = 87.6. 

2. u-taw companding 45 

[0022] The u-law companding transfer function is giv- 
en by the relationship: 

50 

lv i = 'og(i+H*/x max |) 

m log(l+|i) 

where u = 255. 



II. ADC OVERVIEW 
A. Implementation 

[0023] FIGURE 2 depicts a high level diagram of the 
disclosed multi-mode analog to digital convertor, indi- 
cated generally at 10. ADC 10 comprises a first array of 
capacitors indicated generally at 12 comprising capac- 
itors C1 through C5. ADC 10 comprises a second array 
of capacitors indicated generally at 14 comprising ca- 
pacitors C7 through C16. As depicted, first terminals of 
each of the capacitors in array 12 are tied together to 
form a node 16. The second terminal of each capacitor 
in array 12 is connected to a block 18 labeled STEP AR- 
RAY SWITCHES. First terminals of each of the capaci- 
tors in array 14 are tied together to form a node 20. A 
second terminal of each capacitor in array 14 is connect- 
ed to a block 22 labeled SEGMENT ARRAY SWITCH- 
ES. 

[0024] Capacitors C1 through C5 and C7 through C1 6 
are manufactured such that their relative capacitances 
are precisely known. As depicted, capacitors C1 
through C5 have a capacitance of 1C, 2C, 4C, 8C and 
16C, respectively, where C is a unit capacitance. Ca- 
pacitors C7 through C16 have a capacitance of 1C, 1 C, 
(31/32)C, 2C, 4C, 8C, 1 6C, 32C, 64C and 128C, respec- 
tively. In the electronic implementation described below, 
C = 0.2 pF. 

[0025] Node 16 is connected to the inverting input of 
an op-amp 24. The noninverting input of op-amp 24 is 
tied to a voltage reference level, VMID, while the output 
is tied to a node 26. Nodes 16 and 26 are connected to 
each other through two parallel circuit paths. The first 
circuit path comprises a switch 28. The second circuit 
path comprises a capacitor C6. Capacitor C6 is also 
manufactured such that its relative capacitance is pre- 
cisely known. As depicted, capacitor C6 has a capaci- 
tance of 32C. Node 26 may be alternately isolated from 
or connected to SEGMENT ARRAY SWITCHES 22 by 
a switch 30. 

[0026] Node 20 is coupled to the inverting input of a 
comparator 32. The noninverting input to comparator 32 
is tied to the voltage level, VMID. The output of compa- 
rator 32 generates the digital signal COMPO. Node 20 
is coupled to reference voltage VMID through a switch 
34. ANALOG INPUT may be switched to block 22 by a 
switch 36. 

[0027] STEP ARRAY SWITCHES 18 and SEGMENT 
ARRAY SWITCHES 22 are controlled by a block 38 la- 
beled DIGITAL DECODE by a control bus 40. STEP AR- 
RAY SWITCHES 18 and SEGMENT ARRAY SWITCH- 
ES 22 connect capacitors C1 through C5 and C7 
through C1 6 to one of a plurality of voltages. STEP AR- 
RAY 18 connect each of capacitors C1 through C5 to 
one of three reference voltages: DAVRM, DAGND, or 
DAVRP. SEGMENT ARRAY SWITCHES 22 connect 
each of capacitors C7 through C 1 6 to one of four voltage 
levels: DAVRM, VMID, DAVRP, or the voltage at node 
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26. SEGMENT ARRAY SWITCHES 22 may also switch 
ANALOG INPUT to capacitors C7 through C16. 
[0028] DIGITAL DECODE block 38 receives two in- 
puts, COMPO and MODE SELECT, and generates a 
single output DIGITAL OUTPUT MODE SELECT indi- 5 
cates which of the three transfer functions is to be used 
by ADC 10 in its conversion of ANALOG INPUT. ADC 
10 may use a linear, A-law companding or u,-law com- 
panding transfer function. DIGITAL OUTPUT repre- 
sents the digital value of the converted ANALOG INPUT. 10 
The operation of DIGITAL DECODE block 38 varies de- 
pending upon the mode select input and is described 
more fully below. 

B. Operation 15 

[0029] In all modes of operation, ADC 1 0 operates as 
a charge redistribution device and converts an analog 
voltage level into a digital value by the method of suc- 
cessive approximation. 20 
[0030] In a charge redistribution device an initial 
charge is placed onto a node by connecting the node to 
a known reference voltage. Here, nodes 16 and 20 are 
connected to VMID. The node is then isolated by high 
impedance devices so that the total charge on the node 25 
remains constant during the device's operating time. 
Here, capacitors C1 through C5, capacitors C7 through 
C16 and op-amp 24 and comparator 32 maintain the in- 
itial charge on nodes 16 and 20. 

[0031] The initial voltage at the node or nodes is var- 30 
ied by selectively connecting a different reference volt- 
age to the second terminal of each capacitor. The po- 
tential difference which is generated across the selected 
capacitors will attract or repel a portion of the initial 
charge on the node. Whether the potential difference at- 35 
tracts or repels the initial charge depends upon whether 
the difference between the first and second reference 
voltages is positive or negative. The change in charge 
on the terminal of the selected capacitors and on the 
node will cause a change in voltage at the node, V out : 40 



V = J 

i 



where Cj is the capacitance of the ith capacitor and AVj 50 
is the voltage drop across the ith capacitor caused by 
the switched reference voltage. This voltage can then 
be used as an intermediate value (node 16) or as an 
input to a comparator (node 20) by buffering the signal 
with high input impedance devices. Here, op-amp 24 55 
and comparator 32 act as high input impedance devic- 
es. 

[0032] An ADC converts an analog voltage into a dig- 



ital value using the method of successive approximation 
by comparing the analog voltage to a succession of 
known voltage levels via a comparator. Each voltage 
level is generated by the ADC from a provisional binary 
word. If the comparator indicates that the known voltage 
level is greater than the analog voltage, then the binary 
word is decreased a certain amount. If the known volt- 
age level is less than the analog voltage, then the binary 
word is increased the certain amount. The new voltage 
level indicated by the new binary word is then compared 
to the analog voltage by the comparator and the binary 
word accordingly modified. This process is repeated un- 
til the provisional binary word equals the input analog 
voltage. Consequently, for an ADC having n-bits, n con- 
version steps are required. 

[0033] FIGURES 3a and 3b graphically depict a suc- 
cessive approximation decision tree for a linear and u- 
law companding transfer function, respectively. The dis- 
similarities between the two trees arise from the differ- 
ence between how a provisional binary word is decoded 
in each mode. Also, in the linear mode, the output of op- 
amp 24 is always connected to capacitor C7. In the com- 
panding modes, the output of op-amp 24 is connected 
to one capacitor in array 14 according to the decoded 
three most significant bits ("MSBs"): most significant bit- 
to-least significant bit = 000, capacitor C7; 001 , capac- 
itor C10; 010, capacitor C11; 011, capacitor C12; 
and ... capacitor C16. 

[0034] In both modes of operation, the sign bit or 
AD13 is initially determined by comparing the input an- 
alog value to VMID. If the analog value is greater than 
VMID, the reference voltage DAVRP is subsequently 
applied to selected capacitors C7 through C16. If the 
analog value is less than VMID, the reference voltage 
DAVRM is subsequently applied to selected capacitors 
C7 through C16. The opposite reference voltage than 
that applied to array 14 is applied as Mr to selected ca- 
pacitors in array 1 2. The output of array 1 2 is fed through 
inverting op-amp 24 before being processed by array 
14. The output of op-amp 24 is thereby compatible in 
sign with array 14. 

[0035] The analog input voltage is sampled by switch- 
ing all the bottom plates of the capacitors in array 14 
except capacitor C9 to the analog input voltage, "V jn ." 
Arrays 1 2 and 1 4 are isolated from one another by open- 
ing switch 30. The bottom plate of capacitor C9 and the 
top plate of array 14 are connected to VMID by closing 
switch 34. As a result, a charge proportional to the an- 
alog input voltage is stored on the top plate of array 14. 
At the same time, the bottom plates of the capacitors C1 
through C5 are switched to a voltage level DAVGND. 
Switch 28 is closed so that the top plate of array 12 is 
discharged through the output of op-amp 24. (VMID and 
DAVGND are equivalent for this purpose.) 
[0036] Both switches 28 and 34 are opened. All the 
bottom plates of the capacitors in array 14 are then 
switched to DAVGND. The sign bit of the analog input 
voltage is determined by the output of the comparator. 
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For simplicity, the sign bit is assumed to be positive in 
the following discussion. 

1. Linear 

[0037] In FIGURE 3a, Vr equals the selected refer- 
ence voltage, DAVRP or DAVRM, as determined by the 
sign bit. In the linear mode, with a positive sign, the bot- 
tom plate of capacitor C16 is connected to the positive 
reference, Vr. This results in a conversion voltage pro- 
portional to 




appearing across the inputs of the comparator, where 
Vin is ANALOG VOLTAGE. This is conversion step 1 . If 
this voltage is negative, a 1 is recorded as the most sig- 
nificant bit (MSB). The test represented by the upper 
arm of step 2 is then implemented. Otherwise, a 0 is 
recorded and the bottom plate of capacitor C1 6 returns 
to DAVGND. 

[0038] The second MSB is then determined by switch- 
ing the bottom plate of capacitor C1 5 to Vr. This is con- 
version step 2. Assuming that the MSB is a 1 , a voltage 
proportional to 




appears across the inputs of the comparator. This cor- 
responds to the test represented by the upper arm of 
conversion step 2. If this voltage is negative, a 1 is re- 
corded as the second MSB. The test corresponding to 
the upper branch of step 3 in the decision tree of FIG- *o 
URE 3a is then implemented. Otherwise the test corre- 
sponding to the second highest arm in step 3 is imple- 
mented. In a similar manner, bits 10 through 5 can be 
determined. 

[0039] The output of op-amp 24 is connected to the 45 
bottom plate of capacitor C7 in array 14. The successive 
approximation methodology is continued for the four 
least significant bits in array 1 2 as done in array 1 4. Ca- 
pacitor C1 is always connected to DAVGND. The deci- 
sion tree depicted in FIGURE 3a therefore continues for 50 
eight more steps. Capacitor C1 is switched to the posi- 
tive reference voltage when the sign bit is high. Capac- 
itor C1 is switched to the negative reference voltage 
when the sign bit is low. 

55 

2. Companding 

[0040] In FIGURE 3b, Vr equals the selected refer- 



ence voltage, DAVRP or DAVRM, as determined by the 
sign bit. In the u-law and A-law companding modes, the 
bottom plates of capacitors C9 (capacitors C7 and C8 
in A-law), C10, C11, and C12 are connected to Vr to 
determine the MSB. This corresponds to conversion 
step 1 . The particular sequence of switching capacitors 
C7 through C16 is determined by the 3MSBs of the pro- 
visional binary word decoded by DIGITAL DECODE 
block 38. As in the linear mode, the initial binary word is 
a one followed by zeroes. In the linear word there are 
eleven zeroes. In the companding word there are only 
six zeroes (counting the four least significant bits). In the 
companding mode, the output of op-amp 24 is switched 
to the capacitor corresponding to the decoded segment. 
Vr is switched to all capacitors below the decoded seg- 
ment and DAVGND is switched to all capacitors above 
the decoded segment. This scheme allows the com- 
panding modes to have the variable step size mandated 
by the companding transfer functions. 
[0041] The particular decoded segment is determined 
by the following scheme: (bit 7 =0 bit 6 =0 bit 5 =0) corre- 
sponds to segment 1, 001 corresponds to segment 2, 
01 0 corresponds to segment 3, ... and 1 1 1 corresponds 
to segment 8. Segments 1 through 8 correspond to ca- 
pacitors C9 (capacitors C7 and C8 are in A-law) through 
C1 6, respectively. A capacitor is above another if its des- 
ignator is less than the other's designator. A capacitor 
is below another if its designator is greater than the oth- 
er's designator. For example, capacitors C9, C11 and 
C12 are below capacitor 13. Capacitors C14, C15 and 
C16 are above capacitor 13. 

[0042] If the MSB is a 1, the second MSB is deter- 
mined by switching the bottom plates of capacitors C9 
(capacitors C7 and C8 in A-law), C10, C11, C12, C13, 
and C14 to Vr while the remaining bottom plates in array 
14 are tied to DAVGND. This corresponds to the upper 
arm in conversion step 2. Otherwise, the bottom plates 
of capacitors C9 (capacitors C7 and C8 in A-law) and 
C10 are switched to Vr. This corresponds to the lower 
arm in conversion step 2. 

[0043] To determine the third MSB, assuming that 
both the MSB and the second MSB are 0, the bottom 
plate of capacitor C9 (capacitors C7 and C8 in A-law) is 
connected to Vr. This corresponds to the lowest arm in 
conversion step 3. If the third MSB is a 1 , the bottom 
plate of capacitor C10 is switched to the output of op- 
amp 24. This corresponds to the second lowest arm in 
conversion step 4. Otherwise, for u-law, the bottom plate 
of capacitor C9 is returned to DAVGND and capacitor 
C7 is connected to the output of node 26. This corre- 
sponds to the lowest arm in conversion step 4. (For A- 
law, the bottom plates of capacitors C7 and C8 are 
switched to the output of node 26.) 
[0044] Array 12 then continues the successive ap- 
proximation method similar to the procedure described 
above in connection with the linear mode. For ulaw com- 
panding when the three MSBs equal zero, capacitor C1 
is switched to the positive reference voltage when the 
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sign bit is high. Capacitor C1 is switched to the negative 
reference voltage when the sign bit is low and the MSBs 
are all zero. When the MSBs are not all zero, capacitor 
C1 is switched to DAVGND. For A-law companding, ca- 
pacitor C1 is switched to DAVGND. 5 

III. ELECTRONIC IMPLEMENTATION 

A. Signal Description 

• 10 

[0045] The following signals are used by the ADC as 
described subsequently: 

[0046] AD1 through AD1 3 are the 13 output bits of the 
ADC. AD1 is the least significant bit and AD13 is the 
sign bit. In either companding mode, bits 5 through 9 15 
are not used. During conversion, these comprise the bi- 
nary provisional word or "try bits." 
[0047] ADBUF is the output of block ADIN. It is either 
ANALOG INPUT or BUR 

[0048] ADLD is a digital strobe signal initiating an an- 20 
alog to digital decode operation. 
[0049] ADNRS is the logical inverse of ADSMD. It is 
used by the step switches to generate the three line con- 
trol buses. 

[0050] ADRS is the digital signal ADSMD delayed fur- 25 
ther. 

[0051] ADSM is the input signal ADLD delayed. 
[0052] ADSMD is the signal ADSM further delayed. 
[0053] ANALOG INPUT is the analog voltage level to 
be converted to a digital value. 30 
[0054] AU is a digital input to the ADC. It is used in 
conjunction with LINEAR. When LINEAR is low and AU 
is high, the ADC converts digital data according to an 
A-law companding transfer function. When both are low, 
the ADC converts digital data according to a n-law com- 35 
panding transfer function. 

[0055] B1A, B1B, B2, and C through I are the analog 
voltage levels applied to the bottom plate of capacitors 
C7 through C16, respectively. They are generated by 
the SEGSW cells. (B2 is generated by a STPSW cell). *o 
[0056] B1A(0,3), B1B(0,3), B2(0,2), and C(0,3) 
through 1(0,3) are four-line control buses which drive the 
SEGSW cells. (Bus B2(0,2) is a three-line control bus. 
It drives a STPSW cell.) 

[0057] B5Q through B9Q correspond to the fifth 45 
through ninth output bits, respectively of the 1 3 bit output 
of block ADSAR. 

[0058] BIT is a digital input to SSWCON block and to 
DASWCONB, DASWCOND, DASWCONE, and DAS- 
WCONR blocks. It corresponds to one bit of the 13 bit 50 
output of the block ADSAR. 

[0059] BSW is the fourth line in the four-line control 
buses B1A(0,3), B1B(0,3) and C(0,3) through 1(0,3). 
When high, this bit switches ADBUF to the nth capacitor 
of the SEGARRAY block. 55 
[0060] BUF is the buffered output of the STARRAY 
block. 

[0061] CLK is a clocking signal in the block SGNL and 



in the cell BITL. 

[0062] CLR is a latch clear signal in the block SGNL 
and in the cell BITL. 

[0063] COMPO is the output of the SEGARRAY com- 
parator. 

[0064] DAVGND is a reference voltage of 2.5 V. 
[0065] DAVRM is a low impedance precise negative 
reference voltage of 1 V (VMID - 1 .5 V). 
[0066] DAVRP is a low impedance precise positive 
reference voltage of 4 V (VMID + 1 .5 V). 
[0067] EOC is a digital signal generated by the block 
ADSAR. It indicates the completion of an analog to dig- 
ital conversion. 

[0068] ESAU is a digital signal generated by the block 
SEGDEC. It is used to generate the signal on the first 
and second lines of the three line control bus ST1(0,2). 
[0069] GCON is the first data line in the three-line con- 
trol buses ST1(0,2) through ST5(0,2) and B2(0,2). 
When low, this bit switches DAVGND to the nth capac- 
itor in the STARRAY block. 

[0070] GSW is the first data line in the four-line control 
buses B1A(0,3), B1B(0,3), and C(0,3) through 1(0,3). 
When low, this bit switches VMID to the nth capacitor of 
the SEGARRAY block. 

[0071] IBIAS1 is an 18 ^A bias current for the op-amp 
in the STARRAY block. 

[0072] IBIAS2 is a 30 uA bias current for the compa- 
rator in the SEGARRAY block. 

[0073] LINEAR is a digital input to the ADC. When 
high, the ADC decodes the ANALOG INPUT according 
to a linear transfer function. When low, the ADC decodes 
the analog input according to a companding transfer 
function according to AU. 

[0074] M1Q through M3Q correspond to the 12th, 
1 1 th and 1 0th output bits, respectively of the 1 3 bit out- 
put of block ADSAR. 

[0075] MCOMP is a digital output of the block SIGNL. 
It is input to the BITL cells. In the n-th conversion step, 
it corresponds to the (1 3-n)th bit of the provisional binary 
word. 

[0076] MMN is a digital clear signal to the block AD- 
SAR. 

[0077] NAU is the logic inverse of AU. 

[0078] NBIT is the logic inverse of BIT. 

[0079] NCON is the third line in the three-line control 

buses ST1(0,2) through ST5(0,2) and B2(0,2). When 

high, this bit switches DAVRM to the nth capacitor in the 

STARRAY block. 

[0080] NLINEAR is the logic inverse of LINEAR. 
[0081] NSW is the third line in the four-line control 
buses B1A(0,3), B1B(0,3), and C(0,3) through 1(0,3). 
When low, this bit switches DAVRM to the nth capacitor 
of the SEGARRAY block. 

[0082] OADB is a set of digital signals. One signal is 
input to each segment switch controller other than to 
DASWCONC. They are generated in the SEGDEC 
block. 

[0083] OPIN is a set of digital signals. One signal is 
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input to each segment switch controller other than to 
DASWCONF. They are generated in the SEGDEC 
block. 

[0084] PCON is the second line in the three-line con- 
trol buses ST1(0,2) through ST5(0,2) and B2(0,2). 5 
When high, this bit switches DAVRP to the nth capacitor 
in the STARRAY block. 

[0085] PSW is the second line in the four-line control 
buses B1A(0,3), B1B(0,3), and C(0,3) through 1(0,3). 
When high, this bit switches DAVRM to the nth capacitor 10 
of the SEGARRAY block. 

[0086] PWDN is a digital signal which turns off the 
comparator in SEGARRAY. It is active low. 
[0087] SARCK is a master clock signal generated ex- 
ternally from the AOC. 15 
[0088] SARDIN is SARDOUT received by a BITL cell. 
[0089] SARDOUT is an output generated by the 
SGNL block. It is a low-to-high transition which ripples 
through the BITL cells. 

[0090] SARNCK is the logical inverse of SARCK. It is 20 

generated and used in the block ADSAR. 

[0091] SGNQ is the logic inverse of SGQ. 

[0092] SGQ corresponds to the 1 3th bit of the 1 3 bit 

output of block ADSAR. 

[0093] ST1 through ST5 are analog voltages applied 25 
to the bottom plate of capacitors C1 through C5, respec- 
tively. They are generated by the STPSW cells. 
[0094] ST1 (0,2) through ST5(0,2) are three-line bus- 
es which drive the STPSW cells. 

[0095] VMID is a low impedance precise mid-refer- 30 
ence voltage of 2.5 V. 

[0096] ZOUT is a digital signal generated by DAS- 
WCONC, DASWCOND and DASWCONE. It forces the 
next higher capacitor to be switched to DAVGND in ei- 
ther companding mode. 35 
[0097] ZIN is a ZOUT input received by the next high- 
er segment switch controller. 

B. Analog Overview 

40 

[0098] FIGURES 4a and 4b depict a high level dia- 
gram of the analog half of the disclosed analog to digital 
converter indicated generally at 42, labeled ADANA. 
ADANA block 42 comprises a step capacitor array block 
44, labeled STARRAY, a segment capacitor array block 45 
46 labeled SEGARRAY, six step switch cells 48 labeled 
STPSW, nine segment switch cells 50 labeled SEGSW, 
and a segment array input switches block 52 labeled 
ADIN. 

[0099] STARRAY block 44 generates a buffered ana- so 
log output, BUF, corresponding to the four least signifi- 
cant bits of the provisional binary word. STARRAY block 
44 has inputs IBIAS1, VMID, ADSM and ST1 through 
ST5. It is more fully described in connection with FIG- 
URE 6. 55 
[01 00] SEGARRAY block 46 generates the digital out- 
put COMPO. SEGARRAY block 46 has inputs ADSM, 
IBIAS2, B1 A, B1 B, B2, C through I, and VMID. It is more 



fully described in connection with FIGURE 7. 
[0101] STPSW cell 48 switches one of three refer- 
ence voltages to a particular capacitor in STARRAY 
block 44 through ST1 through ST5 and to one capacitor 
in SEGARRAY block 46 through B2. The particular ca- 
pacitor which each STPSW cell controls depends upon 
the particular connection of the cell to STARRAY block 
44 and SEGARRAY block 46. Each STPSW cell 48 has 
a single output, either ST1, ST2, ST3, ST4, ST5 or B2. 
Each cell has inputs DAVRP, DAVGND, DAVRM and 
one three-line control bus, either ST1(0,2), ST2(0,2), 
ST3(0,2), ST4(0,2), ST5(0,2) or B2(0,2). STPSW cell 48 
is more fully described in connection with FIGURE 8. 
[0102] SEGSW cell 50 switches one of four voltage 
levels to a particular capacitor in the SEGARRAY block 
46 through B1A, B1B, B2, and C through I. The partic- 
ular capacitor which each cell SEGSW controls de- 
pends upon the particular connection of the cell to SE- 
GARRAY block 46. Each SEGSW cell 50 has a single 
output, either B1 A, B1 B, B2, C, D, E, F, G, H, or I. Each 
cell has inputs DAVRM, DAVRP, DAVGND, ADBUF, and 
one four-line control bus, B1 A(0,3), B1 B(0,3), C(0,3), D 
(0,3), E(0,3), F(0,3), G(0,3), H(0,3) or 1(0,3). SEGSW 
cell 50 is more fully described in connection with FIG- 
URE 9. 

[0103] ADIN block 52 switches either ANALOG IN- 
PUT or BUF to the output ADBUF depending upon the 
logic level of ADSMD. It is more fully described in con- 
nection with FIGURE 10. 

[0104] ADANA block 42 also generates the signals 
ADSMD and ADSM from the input ADLD through the 
chain of inverters comprising inverters 54, 58, 60, 62, 
64, 66, 68, 70. The signal ADSMD is generated from the 
output of the final inverter 70. The signal ADSM is gen- 
erated from the output of the second inverter, inverter 
58. 

C. Digital Overview 

[0105] FIGURE 5 depicts a high level diagram of the 
digital half of the disclosed analog to digital converter 
indicated generally at 72, labeled ADDIG. ADDIG block 
72 comprises a step decoder block 74 labeled STPDEC, 
a segment array decoder block 76 labeled SEGDEC, 
and a successive approximation register 78 labeled AD- 
SAR. ADDIG block 72 generates the control buses ST1 
(0,2) through ST5(0,2) and B1 A(0,3), B1 B(0,3), B2(0,2), 
C(0,3), D(0,3), E(0,3), F(0,3), G(0,3), H(0,3), 1(0,3), the 
end-of-conversion signal EOC, and the 13 bit DIGITAL 
OUTPUT, AD1 through AD13. 

[0106] STPDEC block 74 generates the five three-line 
control buses ST1(0,2) through ST5(0,2). It has inputs 
ESAU, AD1 through AD4, SGNQ and ADSMD. It is more 
fully described in connection with FIGURE 11. 
[0107] SEGDEC block 76 generates the ten four-line 
control buses B1A(0,3), B1B(0,3), B2(0,2), C(0,3), D 
(0,3), E(0,3), F(0,30), G(0,3), H(0,3)and 1(0,3). (B2(0,2) 
is a three-line control bus.) It has inputs LINEAR, SGNQ, 
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SGQ, M1Q through M3Q, B5Q through B9Q, AU and 
ADSMD. It is more fully described in connection with 
FIGURES 14a and 14b. 

[0108] ADSAR block 78 generates the thirteen bit 
DIGITAL OUTPUT, AD1 through AD13 and the end-of- 5 
conversion signal EOC. It has inputs COMPO, SARCK 
and MMN. It is more fully described in connection with 
FIGURE 21. 

D. Step Capacitor Array 10 

[0109] FIGURE 6 depicts a schematic diagram of the 
STARRAY block 44 depicted in FIGURE 4a. STARRAY 
block 44 comprises a high impedance op-amp 24. The 
noninverting input to op-amp 24 is connected to the ref- 15 
erence voltage VMID. The inverting input of op-amp 24 
is connected to node 16. The output of op-amp 24 is 
connected to node 26. Op-amp 24 is biased by the input 
IBIAS1. Node 16 is connected to the first terminal of 
each of five capacitors C1 through C6. The second ter- 20 
minal of each capacitors C1 through C5 is connected to 
the inputs ST1 through ST5. Capacitors C1 through C5 
have capacitances 1 C, 2C, 4C, 8C and 1 6C, respective- 
ly. Node 26 generates the output BUF. 
[0110] Two parallel circuit paths connect nodes 16 25 
and 26. The first circuit path connects nodes 16 and 26 
through CMOS switch 28. CMOS switch 28 is controlled 
by the input ADSM after being inverted by inverters 80 
and 82 as depicted. The second current path connects 
node 1 6 and 26 through capacitor C6. Capacitor C6 has 30 
a capacitance of 32C. 

[0111] In the depicted embodiment, C = 0.2 pF. 

E. Segment Capacitor Array 

35 

[01 1 2] FIGURE 7 depicts a schematic diagram of the 
SEGARRAY block 46 depicted in FIGURE 4b. SEGAR- 
RAY block 46 comprises a high input impedance com- 
parator 32. Comparator 32 has its noninverting input 
connected to node 20. Its inverting input is connected 40 
to reference voltage VMID and to node 20 through 
CMOS switch 34. CMOS switch 34 is controlled by the 
signal ADSM after being inverted by inverters 84 and 86 
as depicted. Comparator 32 is biased by the input 
IBIAS2 and may be turned off to conserve power by the 45 
input PWDN inverted by an inverter 88. The output of 
comparator 32 generates COMPO. 
[0113] Node 20 is connected to the first terminal of 
each of capacitors C7 through C16. The second termi- 
nal of each capacitor C7 through C16 is connected to 50 
one of the input signals B1A, B1B, B2 and C through I, 
respectively. Capacitors C7 through C16 have a capac- 
itance of 1C, 1C (31/32)C, 2C, 4C, 8C, 16C, 32C, 64C 
and 128C, respectively. 

55 

F. Step Switches 

[0114] FIGURE 8 depicts a schematic diagram of the 



STPSW cell 48 depicted in FIGURE 4a. STPSW cell 48 
comprises n-channel transistors 90 and 92 and p-chan- 
nel transistor 94. The drains of transistors 90 through 
94 are connected to a node 96. Node 96 acts as the 
output of STPSW cell 48 and generates one of the sig- 
nals ST1 through ST5. 

[0115] The gate of transistor 90 is connected to the 
input GCON through an inverter 98. The source of tran- 
sistor 90 is connected to the reference voltage DAV- 
GND. The gate of transistor 94 is connected to the input 
PCON through an inverter 100. The source of transistor 
94 is connected to the reference voltage DAVRP. The 
gate of transistor 92 is connected to the input NCON 
through an inverter 102. The source of transistor 92 is 
connected to the reference voltage DAVRM. 
[0116] The inputs to STPSW cell 48, GCON, PCON 
and NCON form one of the three-line control buses ST1 
(0,2) through ST5(0,2) and B2(0,2). The output of 
STPSW cell 48 through node 96 generates one of the 
control signals ST1 through ST5 and B2. The particular 
control bus and control line is determined by the position 
of STPSW cell 48 in FIGURE 4a. 

G. Segment Switches 

[01 17] FIGURE 9 depicts a schematic diagram of the 
SEGSW cell 50 depicted in FIGURE 4b. SEGSW cell 
50 comprises n-channel transistors 104, 106, 108 and 
110 and p-channel transistors 112 and 114. The drains 
of transistors 104 through 114 are connected to a node 
116. Node 1 1 6 acts as the output of SEGSW cell 50. The 
gate of transistors 104 and 106 are connected to the 
input GSW through an inverter 118. The sources of tran- 
sistors 104 and 106 are connected to a reference volt- 
age DAVGND. The gate of transistor 112 is connected 
to the input PSW through an inverter 120. The source 
of transistor 1 1 2 is connected to a voltage reference DA- 
VRP. The gate of transistor 1 08 is connected to the input 
NSW through an inverter 122. The source of transistor 
108 is connected to a voltage reference DAVRM. The 
gate of transistor 110 is connected to the input BSW 
through an inverter 124. The gate of transistor 114 is 
also connected to the input BSW through an inverter 1 26 
and inverter 1 24. The sources of transistors 1 1 0 and 1 1 4 
are tied to the input ADBUF. 

[0118] The inputs to SEGSW cell 50, GSW, PSW, 
NSW and BSW form one of the ten four-line control bus- 
es B1A(0,3), B1B(0,3), C(0,3), D(0,3), E(0,3), F(0,3), G 
(0,3), H(0,3) and 1(0,3). The output of SEGSW cell 50 
forms one of the control signals, B1A, B1B, C, D, E, F, 

G, H or I. The particular control bus and control line is 
determined by the position of SEGSW cell 50 in FIGURE 
4b. 

H. Segment Array Input Switches 

[0119] FIGURE 10 depicts a schematic diagram of the 
ADIN block 52 depicted in FIGURE 4a. This block alter- 
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nately connects inputs ANALOG INPUT or BUF to out- 
put ADBUF by the input ADSMD. ADIN block 52 com- 
prises CMOS switches 128 and 130. The conductance 
of switch 1 28 is controlled by the signal ADSMD delayed 
and inverted by inverters 132, 134, 136 and 138. The 5 
conductance of CMOS switch 130 is controlled by the 
input ADSMD delayed by the same chain of inverters. 
As depicted, CMOS switches 128 and 130 are coupled 
to the signal ADSMD in an asymmetric fashion such that 
one, and only one switch conducts at a time. 10 

I. Step Decoder 

[0120] FIGURE 11 depicts a high level diagram of 
STPDEC block 74 depicted in FIGURE 5. STPDEC 15 
block 74 generates the five three-line control buses ST1 
(0,2) through ST5(0,2). STPDEC block 74 has inputs 
ESAU, AD1 through AD4, SGNQ and ADSMD. STP- 
DEC block 74 comprises four step switch controller cells 
140 labeled SSWCON and a single companding con- 20 
trailer block 142 labeled AUCON. Each SSWCON cell 
140 generates one of the four three-line control buses 
ST2(0,2) through ST5(0,2). Each has inputs ADRS, AD- 
NRS, BIT, NBIT and SGNQ. The particular input to BIT 
and NBIT and the particular output control bus is deter- 25 
mined by the position of SSWCON cell 140 in STPDEC 
block 74. SSWCON cell 140 is further described in con- 
nection with FIGURE 12. 

[0121] AUCON block 142 generates the three-line 
control bus ST1(0,2). It has inputs, ESAU and SGNQ. 30 
AUCON block 142 is further described in connection 
with FIGURE 13. 

[0122] STPDEC block 74 further comprises inverters 
144, 146, 148, 150, 152 and 154. Inverters 144 through 
150 generate the logic inverse of inputs AD1 through 35 
AD4. The output from inverters 144 through 150 are fed 
into the NBIT inputs of each of the SSWCON cells 140. 
Inverter 1 52 generates the signal AD NRS from ADSMD. 
Inverter 154 generates the input signal ADRS from the 
signal ADNRS. These latter two signals are input into *o 
each SSWCON cell 140. 

1 . Step switch controller 

[0123] FIGURE 1 2 depicts a schematic diagram of the 45 
SSWCON cell 140 depicted in FIGURE 11. The output 
GCON is generated by the output of a NOR gate 156. 
Gate 1 56 has inputs ADRS and NBIT. The output PCON 
is generated by the output of a three-input NAND gate 
158 inverted by an inverter 160. Gate 158 has inputs 50 
ADNRS, BIT and SGNQ. The output NCON is generat- 
ed by the output of a three-input NOR gate 1 62 inverted 
by an inverter 164. Gate 162 has inputs ADRS, NBIT 
and SGNQ. 

55 

2. Companding controller 

[01 24] FIGURE 1 3 depicts a schematic diagram of the 



AUCON block 142 depicted in FIGURE 11. The output 
GCON is generated from the input ESAU inverted by an 
inverter 166. The output PCON is generated by the out- 
put of a NOR gate 1 68. Gate 1 68 has inputs ESAU and 
SGNQ. The output NCON is generated by the output of 
a NAND gate 170. Gate 170 has inputs GCON and 
SGNQ. 

J. Segment Array Decoder 

[0125] FIGURES 14a and 14b depict a high level di- 
agram of the SEGDEC block 76 depicted in FIGURE 5. 
SEGDEC block 76 generates the four-line control buses 
B1A(0,3), B1B(0,3), B2(0,2), C(0,3) through 1(0,3) and 
the signals ESAU and SGNQ. (B2(0,2) is a three-line 
control bus.) SEGDEC block 76 has inputs AU, ADSMD, 
M1Q through M3Q, B5Q through B9Q, SGQ and LINE- 
AR. SEGDEC block 76 comprises a segment switch 
controller A block 172 labeled DASWCONA, a segment 
switch controller B block 174 labeled DASWCONB, a 
segment switch controller C block 176 labeled DAS- 
WCONC, five segment switch controller blocks 178, 
1 80, 1 82, 1 84 and 1 86 labeled DASWCOND, a segment 
switch controller E block 1 88 labeled DASWCONE, and 
a segment switch controller F block 190 labeled DAS- 
WCONF. 

[0126] The signal ESAU is generated by the output of 
a NAND gate 192. Gate 192 has inputs ADNRS and the 
output of a NAND gate 194. Gate 194 has inputs NLIN- 
EAR and the output of an OR gate 196. Gate 196 has 
inputs AU and the output of a three-input NAND gate 
198. Gate 198 has inputs M1Q inverted by an inverter 
200, M2Q inverted by an inverter 202, and M3Q inverted 
by an inverter 204. The output SGNQ is generated from 
the output of a NOR gate 206 connected to SGQ. 
[0127] SEGDEC block 76 generates several signals 
for use internally. ADRS is generated from the input 
ADSMD buffered by inverters 208 and 210. The signal 
ADNRS is generated by the output of inverter 208. The 
signal NAU is generated from the input AU inverted by 
an inverter 212. The signal NLINEAR is generated from 
the input LINEAR inverted by an inverter 214. 
[0128] DASWCONA block 172 generates the four- 
line control bus B1 A(0,3). It has inputs ADRS, ADNRS, 
AU, NLINEAR, SGNQ, SGQ, OPIN and OADB. OPIN 
and OADB are connected to the output of gate 1 98. 
DASWCONA block 172 is further described in connec- 
tion with FIGURE 15. 

[0129] DASWCONB block 174 generates the four- 
line control bus B1 B(0,3). It has inputs ADRS, ADNRS, 
AU, NAU, LINEAR, NLINEAR, SGNQ, SGQ, OPIN, BIT 
and OADB. OPIN and OADB are connected to the out- 
put of gate 198. The input BIT is connected to B5Q. 
DASWCONB block 154 is further described in connec- 
tion with FIGURE 16. 

[0130] DASWCONC block 176 generates the three- 
line control bus B2(0,2). It has inputs ADNRS, AU, LIN- 
EAR, SGNQ, SGQ and OPIN. OPIN is connected to the 
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output of gate 198. In addition, the output signal ZOUT 
is connected to the input ZIN of DASWCOND block 1 78. 
DASWCONC block 176 is further described in connec- 
tion with FIGURE 17. 

[0131] DASWCOND cells 178 through 186 generate 
the four-line control buses C(0,3) through G(0,3), re- 
spectively. Each cell has inputs ADRS, ADNRS, ZIN, 
LINEAR, NLINEAR, SGNQ, OPIN, BIT and OADB. In 
addition, each cell generates ZOUT which is fed to the 
adjacent cell as depicted. DASWCOND cells 178 
through 186 are further described immediately below 
and in connection with FIGURE 18. 
[0132] In DASWCOND cell 178, the input BIT is con- 
nected to B6Q. The input signals OPIN and OADB are 
generated by the output of a two-input NAND gate 216 
and a three-input NAND gate 218, respectively. Gate 
216 has as its inputs the output of inverters 200 and 202. 
Gate 218 has inputs M3Q and the outputs of inverters 
200 and 202. 

[01 33] In DASWCOND cell 1 80, the input BIT is con- 
nected to B7Q. The input OPIN and OADB are gener- 
ated by the output of a two-input NAND gate 220 and a 
three-input NAND gate 222, respectively. Gate 220 has 
as inputs the output of an OR gate 224 and the output 
of inverter 200. Gate 224 has as inputs the output of 
inverters 202 and 204. Gate 222 has inputs M2Q and 
the outputs from inverters 200 and 204. 
[0134] In DASWCOND cell 182, the inputs OPIN and 
BIT are connected to M1Q and B8Q, respectively. The 
input OADB is generated by the output of a three-input 
NAND gate 226. Gate 226 has inputs M3Q, M2Q and 
the output from inverter 200. 

[0135] In DASWCOND cell 184, the input BIT is con- 
nected to B9Q. The inputs OPIN and OADB are gener- 
ated by the output of a NOR gate 228 and a three-input 
NAND gate 230, respectively. Gate 228 has as its inputs 
the output of an AND gate 232 and the output of inverter 
200. Gate 232 has as its inputs the output of inverters 
202 and 204. Gate 230 has inputs M1Q and the output 
from inverters 202 and 204. 

[0136] In DASWCOND cell 186, the input BIT is con- 
nected to M3Q. The inputs OPIN and OADB are gener- 
ated by the output of a NOR gate 234 and a three-input 
NAND gate 236, respectively. Gate 234 has as its inputs 
the output of inverters 200 and 202. Gate 236 has inputs 
M3Q, M1Q and the output of inverter 202. 
[0137] DASWCONE block 188 generates the four- 
line control bus H(0,3). It has inputs ADRS, ADNRS, 
ZIN, LINEAR, NLINEAR, SGNQ, OPIN, BIT and OADB. 
In addition, the output signal ZOUT is connected to the 
input ZIN of DASWCONF cell 190. The input BIT is con- 
nected to M2Q. The inputs OPIN and OADB are gener- 
ated by the output of a three-input NOR gate 238 and a 
three-input NAND gate 240. Gate 238 has as its inputs 
the output from inverters 200, 202 and 204. Gate 240 
has inputs M2Q, M1Q and the output from inverter 204. 
DASWCONE block 188 is further described in connec- 
tion with FIGURE 19. 



[01 38] DASWCONF block 1 90 generates the four-line 
control bus 1(0,3). It has inputs ADRNS, ADNRS, ZIN, 
LINEAR, NLINEAR, SGNQ, BIT and OADB. The inputs 
BIT and OADB are connected to M1Q and to the output 
5 of gate 238, respectively. DASWCONF block 1 90 is fur- 
ther described in connected with FIGURE 20. 

1 . Segment switch controller A 

10 [01 39] FIGURE 1 5 depicts a schematic diagram of the 
DASWCONA block 172 depicted in FIGURE 14a. The 
output GSW is generated by the output of a NAND gate 
242. Gate 242 has inputs ADNRS and the output of a 
NOR gate 244. NOR gate 244 has inputs AU and the 

15 output from a NAND gate 246. NAND gate 246 has in- 
puts NLINEAR and OADB. 

[0140] The output PSW is generated by the output of 
a NOR gate 248. Gate 248 has as its inputs the output 
of a three-input NAND gate 250 and of a two-input 

20 NAND gate 252. Gate 250 has inputs AU, NLINEAR and 
OPIN. Gate 252 has inputs ADNRS and SGQ. 
[0141] The output NSW is generated by the output of 
a three-input NAND gate 254. NAND gate 254 has in- 
puts ADNRS, SGNQ and the output from gate 250 in- 

25 verted by an inverter 256. 

[0142] The output DSW is generated by the output of 
a NOR gate 258. Gate 258 has inputs ADRS and the 
output from gate 246. 

30 2. Segment switch controller B 

[0143] FIGURE 16 depicts a schematic diagram of the 
DASWCONB block 174 depicted in FIGURE 14a. The 
output GSW is generated by the output of a NAND gate 

35 260. Gate 260 has inputs ADNRS and the output of a 
NOR gate 262. Gate 262 has as its inputs the output 
from an AND gate 264 and of an AND gate 266. Gate 
264 has inputs AU and NLINEAR. Gate 266 has inputs 
LINEAR and BIT. 

40 [0144] The output PSW is generated by the output of 
a NOR gate 268. Gate 268 has as its inputs the output 
of a NOR gate 270 and of a NAND gate 272. Gate 270 
has as its inputs the output from a three-input AND gate 
274 and of an AND gate 276. Gate 274 has inputs AU, 

45 NLINEAR and OPIN. Gate 276 has inputs BIT and LIN- 
EAR. 

[0145] The output NSW is generated by the output of 
the three-input NAND gate 278. Gate 278 has inputs 
ADNRS, SGNQ and the output from gate 270 inverted 
50 by an inverter 280. 

[0146] The output DSW is generated by the output of 
a NOR gate 282. Gate 282 has inputs ADRS and the 
output from a three-input NOR gate 284. Gate 284 has 
inputs NAU, LINEAR and OADB. 

55 

3. Segment switch controller C 

[0147] FIGURE 17 depicts a schematic diagram of the 
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DASWCONC block 176 depicted in FIGURE 14a. The 
output GCON is generated by the output of a three-input 
NOR gate 286. Gate 286 has inputs LINEAR, AU and 
the output of a NAND gate 288. Gate 288 has inputs 
ADNRS and OPIN. 5 
[0148] The output PCON is generated by the output 
of a four-input NOR gate 290. Gate 290 has inputs 
SGNQ, AU, LINEAR and the output of gate 288. 
[0149] The output NCON is generated by the output 
of a four-input NOR gate 292 inverted by an inverter 294. 10 
Inverter 292 has inputs AU, LINEAR, SGQ and the out- 
put from gate 288. 

[0150] Internal signal ZOUT is generated by the out- 
put of gate 288. 

15 

4. Segment switch controller D 

[0151] FIGURE 1 8 depicts a schematic diagram of the 
DASWCOND cell depicted in FIGURES 14a and 14b. 
The output GSW is generated by the output of a NAND 20 
gate 296. Gate 296 has inputs ADNRS and the output 
of a NOR gate 298 inverted by an inverter 300. Gate 
298 has as its inputs the output of an AND gate 302 and 
of an AND gate 304. Gate 302 has inputs LINEAR and 
BIT inverted by an inverter 306. Gate 304 has inputs ZIN 25 
and NLINEAR. 

[01 52] The output PSW is generated by the output of 
a NOR gate 308. Gate 308 has inputs SGNQ and the 
output of a NAND gate 310. Gate 310 has inputs AD- 
NRS and the output of a NOR gate 312 inverted by an 30 
inverter 314. Gate 312 has as its inputs the output of an 
AND gate 316 and of an AND gate 318. Gate 316 has 
inputs NLINEAR and OPIN. Gate 318 has inputs LINE- 
AR and BIT. 

[0153] The output NSW is generated by the output of 35 
a NOR gate 320. Gate 320 has inputs SGNQ and the 
output of gate 310 inverted by an inverter 322. 
[01 54] The output BSW is generated by the output of 
a NOR gate 324. Gate 324 has inputs ADRS and the 
output of a NOR gate 326. Gate 326 has inputs LINEAR 40 
and OADB. 

[0155] The internal signal ZOUT is generated by the 
output of gate 310. 

5. Segment switch controller E 45 

[01 56] FIGURE 1 9 depicts a schematic diagram of the 
DASWCONE block 188 depicted in FIGURE 14b. The 
output GSW is generated by the output of a three-input 
NOR gate 328. Gate 328 has inputs ADRS and the out- 50 
put of an AND gate 330 and of an AND gate 332. Gate 
330 has inputs BIT inverted by an inverter 334 and LIN- 
EAR. Gate 332 has inputs ZIN and NLINEAR. 
[0157] The output PSW is generated by the output of 
a NOR gate 336. Gate 336 has inputs SGNQ and the 55 
output of a NAND gate 338. Gate 338 has inputs AD- 
NRS and the output of a NOR gate 340 inverted by an 
inverter 342. Gate 340 has as its inputs the output of an 



AND gate 344 and of an AND gate 346. Gate 344 has 
inputs NLINEAR and OPIN. Gate 346 has inputs LINE- 
AR and BIT. 

[0158] The output NSW is generated by the output of 
a NAND gate 348. Gate 348 has inputs SGNQ and the 
output of gate 338 inverted by an inverter 350. 
[0159] The output BSW is generated by the output of 
a NAND gate 352. Gate 352 has inputs ADNRS and the 
output from a NOR gate 354. Gate 354 has inputs LIN- 
EAR and OADB. 

[0160] The internal signal ZOUT is generated by the 
output of gate 338. 

[0161] In operation, DASWCONE does not couple ca- 
pacitor C1 5 to the ANALOG INPUT. This attenuates the 
input voltage level by approximately 25% without losing 
any converter resolution or precision. 

6. Segment switch controller F 

[01 62] FIGURE 20 depicts a schematic diagram of the 
DASWCONF block 190 depicted in FIGURE 14b. The 
output GSW is generated by the output of a NAND gate 
356. Gate 356 has inputs ADNRS and the output from 
a NOR gate 358. Gate 358 has as its inputs the output 
of an AND gate 360 and of an AND gate 362. Gate 360 
has inputs NLINEAR and ZIN inverted by an inverter 
364. Gate 362 has inputs LINEAR and BIT. 
[0163] The output PSW is generated by the output of 
a NOR gate 366. Gate 366 has inputs SGNQ and the 
output of a three-input NAND gate 368. Gate 368 has 
inputs ADNRS, LINEAR and BIT. 
[01 64] The output NSW is generated by the output of 
a NAND gate 370. Gate 370 has inputs SGNQ and the 
output of gate 368 inverted by an inverter 372. 
[0165] The output BSW is generated by the output of 
a NOR gate 374. Gate 374 has inputs ADRS and the 
output of an AND gate 376. Gate 376 has inputs NLIN- 
EAR and OADB. 

K. Successive Approximation Register 

[0166] FIGURE 21 depicts a high level diagram of the 
ADSAR block 78 depicted in FIGURE 5. ADSAR block 
78 generates the 1 3 bit DIGITAL OUTPUT, AD1 through 
AD13, and the end-of-conversion signal EOC. AD1 
through AD1 3 comprises the provisional binary word pri- 
or to completion of the analog to digital conversion. AD- 
SAR block 78 has inputs COMPO, MMN, SARCK, 
ADSMD and LINEAR. ADSAR block 78 comprises a 
sign latch 378 labeled SGNL, twelve one-bit latches 380 
through 402 labeled BITL and a logic block 404. Internal 
signal CLR is generated by the output of a NOR gate 
406. Gate 406 has inputs ADSMD and MMN inverted 
by inverter 408. The internal signal SARNCK is gener- 
ated by the output of an inverter 410 connected to 
SARCK. The output of gate 410 is inverted a second 
time by inverter 412 to generate the signal SARCK as 
that signal is used by block 378 and cells 380 through 
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394. 

[0167] SGNL block 378 generates outputs AD13, 
MCOMP and a clocking signal SARDOUT (depicted in 
FIGURE 22). It has inputs COMPO, CLR and SARCK. 
SGNL block 378 generates the (13-n)th bit of the provi- 5 
sional binary word during the nth conversion step. SGNL 
block 378 outputs this signal as MCOMP. MCOMP is 
latched into the (13-n)th BITL cell by SARDOUT at the 
completion of the nth conversion step. The first BITL cell 
generates AD1, the second cell generates AD2, etc. 10 
SARDOUT is a low-to-high logic signal which ripples se- 
quentially through BITL cells 380 through 402. MCOMP 
is set by COMPO. After latch 430 latches AD13, 
MCOMP is also a function of AD13. When the sign bit 
is positive, MCOMP is COMPO. When the sign bit is 15 
negative, MCOMP is the logic inverse of COMPO. 
SGNL block 378 is more fully described in connection 
with FIGURE 22. 

[0168] Bit cells 380 through 402 generate the twelfth 
through first digital output bits, AD12 through AD1 , re- 20 
spectively, and the signal SARDOUT (depicted in FIG- 
URE 23). Each BITL cell has inputs MCOMP, SARDIN 
and CLR. Cells 380 through 390 and cell 392 have the 
input SARCK while cells 396 through 492 have an input 
from logic block 404 as will be more fully described be- 25 
low. Cell 392 has input SARNCK. In addition, cell 396 
has its input SARDIN generated from logic block 404. 
Each cell 378 through 402 generates one bit as depicted 
of the binary provisional word from MCOMP. At the end 
of the conversion process, BITL cells 378 through 402 30 
generate outputs AD12 through AD1. The input SAR- 
DIN insures that only one cell of cells 380 through 402 
is active at a time and that only the nth cell is active dur- 
ing the nth conversion step. BITL cells 378 through 402 
are further described in connection with FIGURE 23. 35 
[0169] Digital block 404 causes BITL cells 396 
through 402 to latch five conversion steps earlier in ei- 
ther of the companding modes. This insures that the four 
least significant bits are latched by cells 396 through 402 
and output on AD4 through AD1 . The input SARDIN to 40 
BITL cell 396 is generated from the output of a NOR 
gate 414 inverted by inverter 416. Gate 414 has as its 
inputs the output of an AND gate 416 and of an AND 
gate 418. Gate 416 has as its inputs LINEAR inverted 
by an inverter 420 and the output SARDOUT of BITL 45 
cell 384. Gate 418 has inputs LINEAR and SARDOUT 
from BITL cell 394. The input CLK to BITL cells 396 and 
400 is generated by the output of a NOR gate 422. Gate 
422 has as its inputs the output of an AND gate 424 and 
of an AND gate 426. Gate 424 has inputs SARNCK and 50 
the output from inverter 420. Gate 426 has inputs 
SARCK and LINEAR. The input CLK to BITL cells 398 
and 402 is generated by the output of gate 422 inverted 
by an inverter 428. 

55 

1. Sign bit latch 

[01 70] FIGURE 22 depicts a schematic diagram of the 



SGNL block 378 depicted in FIGURE 21. SGNL block 
378 comprises a first D-type flip-flop 430 and a second 
D-type flip-flop 432. The input of flip-flop 432 is connect- 
ed to a positive power supply DVDD. The clock ("CK") 
and clear ("NCL") inputs of flip-flop 432 are tied to the 
input CLK and CLR, respectively. Flip-flop 430 has its 
input connected to COMPO. The clock input ("CK") of 
the flip-flop 430 is connected to the inverting output of 
flip-flop 432. 

[0171] Output AD13 generated by the output of a 
NOR gate 434 inverted by inverter 436. Gate 434 has 
as its inputs the output of an AND gate 438 and the out- 
put of flip-flop 432. 

[0172] Output MCOMP is generated by the output of 
a NOR gate 440. Gate 440 has as its inputs the output 
of an AND gate 442 and of an AND gate 444. Gate 442 
has as its inputs the output of flip-flop 430 and COMPO 
inverted by an inverter 446. Gate 444 has as its inputs, 
the inverted output of flip-flop 430 and COMPO. 
[0173] The output SARDOUT is generated by the out- 
put of flip-flop 432. 

[0174] Initially, the output of flip-flop 432 is cleared by 
the signal CLR. The conversion begins when flip-flop 
432 is enabled by CLR returning to high. CLR is gener- 
ated from ADSMD (ADLD delayed). While flip-flop 432 
is cleared, the ANALOG INPUT is sampled and held by 
the ADC. Comparator 32 (depicted in FIGURE 7) com- 
pares ANALOG INPUT to DAVGND and generates 
COMPO. The CLK input to flip-flop 432 generates a low- 
to-high transition on SARDOUT, one clock cycle later. 
This transition latches COMPO in flip-flop 430. The low- 
to-high transition on SARDOUT then ripples through 
BITL cells 380 to 402. The output of flip-flop 432 does 
not change during the remainder of the conversion be- 
cause DVDD is tied high. AD13 indicates the final 
latched value of COMPO after the first conversion step. 
[0175] The output MCOMP generates each subse- 
quent bit in the provisional binary word. MCOMP is 
COMPO if AD13 is a logic one. MCOMP is the inverse 
of COMPO if AD13 is a logic zero. COMPO is a logic 
one if the provisional binary word generates an analog 
voltage less than ANALOG INPUT. COMPO is a logic 
zero if the provisional binary word generates an analog 
voltage greater then ANALOG INPUT. 

2. Bit latch 

[0176] FIGURE 23 depicts a schematic diagram of the 
BITL cell depicted in FIGURE 21. BITL cell comprises 
A first type D-type flip-flop 448 and a second D-type flip- 
flop 450. The input of flip-flop 450 is connected to SAR- 
DIN. The clock ("CK") and clear ("NCL") inputs of flip- 
flop 450 are connected to CLK and CLR, respectively. 
Flip-flop 448 has its input connected to MCOMP the 
clock input ("CK") of flip-flop 448 is connected to the in- 
verting output of flip-flop. 

[0177] The output bit Q is generated by the output of 
a NOR gate 452 inverted by an inverter 454. Gate 452 
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has as its inputs, the output of an AND gate 456 and of 
an AND gate 458. Gate 456 has inputs SARDIN and the 
inverted output of flip-flop 450. Gate 458 has as its in- 
puts the output of flip-flops 448 and 450. The particular 
bit of the DIGITAL OUTPUT to which Q corresponds de- 
pends upon the position of BITL cell in ADSAR block 78. 
[0178] The output SARDOUT is generated by the out- 
put of flip-flop 450. 

[0179] Initially, SARDIN is zero and the output of flip- 
flop 450 is cleared by the input CLR. The try bit, Q, of 
the provisional binary word is SARDIN, or a logic zero. 
Eventually, the input SARDIN goes high when the output 
SARDOUT of SGNL block 378 reaches the n-th BITL 
cell in the n-th conversion step. SARDIN then causes 
the try bit, Q, to go high high. The comparator then com- 
pares the ANALOG INPUT with the analog voltage gen- 
erated by the provisional binary word. Flip-flop 448 
latches MCOMP one clock cycle later by the high-to-low 
transition of the inverted output of flip-flop 450. Flip-flop 
448 outputs MCOMP on its noninverting output. The 
output of flip-flop 448 does not change during the re- 
mainder of the conversion because SARDIN remains 
high. 

[0180] As described above, MCOMP will reflect 
whether the provisional binary word is higher or lower 
than the ANALOG INPUT and whether AD13 is higher 
low. 

[0181] The output EOC is generated from SARDOUT 
of BITL cell 402. 



Claims 

1 . An analog to digital converter (1 0) for comparing an 
analog input voltage level with a generated voltage 
level to convert the analog input voltage level into 
a digital value by the method of successive approx- 
imation, the converter comprising: 

a successive approximation register (78) for 
generating a provisional binary word respon- 
sive to the output of a comparator (32) for test- 
ing the approximation, and 
a charge redistribution device (C7 to C16, 22) 
for generating the generated voltage respon- 
sive to the provisional binary word, character- 
ized in that the successive approximation reg- 
ister (78) is responsive not only to the output 
signal of the comparator (32) but also to a com- 
bination of digital inputs (AU, LINEAR) to ena- 
ble a transfer function to be selected from the 
group consisting of linear and companding. 

2. The converter of claim 1 , wherein the charge redis- 
tribution device is operable to a selected one of a 
linear, an A-law companding and a u-law compand- 
ing transfer function. 



3. The converter of claim 1 or claim 2, wherein the 
charge redistribution device further comprises: 

a first array (12) of capacitors (C1-C5) for gen- 
5 erating a first voltage level at a first node (16), 

a first terminal of each of the capacitors coupled 
to the first node; 

a second array (14) of capacitors (C7-C16) for 
generating the voltage at an output node (20), 
10 a first terminal of each of the capacitors coupled 

to the output node; 

a scaling capacitor (C6) having first and second 
terminals, the first terminal coupled to the first 
node (16), the second terminal coupled to an 

15 intermediate node (26); and 

switching circuitry (18,22) for selectively cou- 
pling ones of the first (12) and second (14) ar- 
rays of capacitors to voltages of first and sec- 
ond sets of voltages respectively, the second 

20 set of voltages comprising the voltage at the in- 

termediate node. 

4. The converter of claim 3, wherein the first array (12) 
of capacitors comprises five capacitors (C1-C5). 

25 

5. The converter of claim 4, wherein the five capacitors 
(C1-C5) each have a precise relative capacitance 
of respectively 1C, 2C, 4C, 8C and 16C where 
C=0.2pF. 

30 

6. The converter of any of claims 3 to 5, wherein the 
second array (14) of capacitors comprises ten ca- 
pacitors (C7-C16). 

35 7. The converter of claim 6, wherein the ten capacitors 
(C7-C16) each have a precise relative capacitance 
of respectively 1C, 1C (31/32)C, 2C, 4C, 8C, 16C, 
32C, 64C and 128C where C=0.2pR 

40 8. The converter of any of claims 3 to 7, wherein the 
scaling capacitor (C6) has a capacitance of 32C 
where C=0.2pF. 

9. The converter of any preceding claim, further com- 
45 prising circuitry for attenuating the input voltage lev- 
el a predetermined amount. 



Patentanspruche 

50 

1. Analog/Digital-Umsetzer (10) zum Vergleichen ei- 
nes analogen Eingangsspannungswerts mit einem 
generierten Spannungswert zum Umsetzen eines 
analogen Eingangsspannungswerts in einen digita- 
ls len Wert durch das Verfahren der sukzessiven Ap- 
proximation, wobei der Umsetzer enthalt: 

ein Sukzessiv-Approximations-Register (78) 
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zum Erzeugen eines vorlaufigen Binarworts in 
Abhangigkeit vom Ausgangssignal eines Kom- 
parators (32) zum Testen der Approximation, 
und 

5 

eine Ladungs-Neuverteilungsvorrichtung (C7 
bis C16, 22) zum Erzeugen der generierten 
Spannung in Abhangigkeitvon dem vorlaufigen 
Binarwort, dadurch gekennzeichnet, dafi das 
Sukzessiv-Approximations-Register (78) nicht 10 
nur abhangig vom Ausgangssignal des Kom- 
parators (32), sondern auch abhangig von ei- 
ner Kombination digitaler Eingangssignale 
(AU, LINEAR) arbeitet, urn die Auswahl einer 
Ubertragungsfunktion aus der Gruppe, beste- 15 
hend aus linear und kompandierend, freizuge- 
ben. 

2. Umsetzer nach Anspruch 1 , bei dem die Ladungs- 
Neuverteilungsvorrichtung die Auswahl einer linea- 20 
ren Obertragungsfunktion, einer nach einer A- 
Funktion kompandierenden Ubertragungsfunktion 
Oder einer gemafJ einer u.-Funktion kompandieren- 
den Ubertragungsfunktion bewirkt. 

25 

3. Umsetzer nach Anspruch 1 Oder 2, bei dem die La- 
dungs-Neuverteilungsvorrichtung ferner enthalt: 

eine erste Gruppe (12) von Kondensatoren (C1 
bis C5) zur Erzeugung eines ersten Span- 30 
nungswerts an einem ersten Schaltungspunkt 
(16), wobei eine erste Anschlufiklemme jedes 
der Kondensatoren mitdem ersten Schaltungs- 
punkt verbunden ist; 

35 

eine zweite Gruppe (14) aus Kondensatoren 
(C7 bis C16) zum Erzeugen der Spannung an 
einem Ausgangsschaltungspunkt (20), wobei 
eine erste Anschlufiklemme jedes der Konden- 
satoren mit dem Ausgangsschaltungspunkt *o 
verbunden ist; 

einen Skalierungskondensator (C6) mit einer 
ersten und einer zweiten Anschluftklemme, 
wobei die erste Anschlufiklemme mit dem er- 45 
sten Schaltungspunkt (16) verbunden ist und 
die zweite Anschlufiklemme mit einem Zwi- 
schenschaltungspunkt (26) verbunden ist; und 

eine Schaltanordnung (18, 22) zum selektiven 50 
Koppeln einiger der ersten (12) und zweiten 
(14) Gruppen von Kondensatoren an Spannun- 
gen erster bzw. zweiter Gruppen von Spannun- 
gen, wobei die zweite Gruppe von Spannungen 
die Spannung am Zwischenschaltungspunkt 55 
urn fa fit. 

4. Umsetzer nach Anspruch 3, bei dem die erste Grup- 



pe (12) von Kondensatoren funf Kondensatoren 
(C1 bis C5) enthalt. 

5. Umsetzer nach Anspruch 4, bei dem die funf Kon- 
densatoren (C1 bis C5) eine genaue relative Kapa- 
zitat von 1C, 2C, 4C, 8C bzw. 16C haben, wobei 
C=0,2pF. 

6. Umsetzer nach einem der Anspruche 3 bis 5, bei 
dem die zweite Gruppe (14) von Kondensatoren 
zehn Kondensatoren (C7 bis C16) enthalt. 

7. Umsetzer nach Anpruch 6, bei dem die Kondensa- 
toren (C7 bis C16) jeweils einen genauen relativen 
Kapazitatswert von 1C, 1C (31/32)C, 2C, 4C, 8C, 
16C, 32C, 64C und 128C haben, wobei C=0,2pF. 

8. Umsetzer nach einem der Anspruche 3 bis 7, bei 
dem der Skalierungskondensator (C6) eine Kapa- 
zitat von 32C hat, wobei C=0,2pF. 

9. Umsetzer nach einem der vorhergehenden Anspru- 
che, ferner enthaltend eine Schaltungsanordnung 
zum Dampfen der Eingangsspannungsgrofie urn 
einen vorbestimmten Wert. 



Revendications 

1. Convertisseur analogique/numerique (10) pour 
comparer un niveau de tension d'entree analogique 
a un niveau de tension genere pour convertir le ni- 
veau de tension d'entree analogique en une valeur 
numerique au moyen d'un precede par approxima- 
tions successives, le convertisseur comprenant: 

un registre d'approximations successives (78) 
pour produire un mot binaire provisoire en re- 
ponse au signal de sortie d'un comparateur 
(32) pour tester I'approximation, et 
un dispositif de redistribution de charge (C7 a 
C16, 22) pour generer la tension generee en 
reponse au mot binaire provisoire, 

caracterise en ce que le registre d'approxi- 
mations successives (78) est apte a repondre non 
seulement au signal de sortie du comparateur (32), 
mais egalement a une combinaison de signaux 
d'entree numeriques (AU, LINEAR) pour permettre 
la selection d'une fonction de transfert a partir du 
groupe comprenant une fonction lineaire et une 
fonction de compression-expansion. 

2. Convertisseur selon la revendication 1 , dans lequel 
le dispositif de redistribution de charge peut agir sur 
Tune selectionnee d'une fonction de transfert lineai- 
re, d'une fonction de transfert de compression-ex- 
pansion selon la loi A et d'une fonction de transfert 
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de compression-expansion selon la lot \i, 

3. Convertisseur selon la revendication 1 ou la reven- 
dication 2, dans lequel le dispositif de redistribution 

de charge comporte en outre: 5 

un premier reseau (12) de condensateurs 
(C1-C5) pour generer un premier niveau de 
tension sur un premier noeud (16) d'une pre- 
miere borne de chacun des condensateurs 10 
couples au premier noeud; 
un second reseau (14) de condensateurs 
(C7-C1 6) pour generer la tension sur un noeud 
de sortie (20), une premiere borne de chacun 
des condensateurs etant couplee au noeud de 15 
sortie; 

un condensateur de cadrage d'echelle (C6) 
possedant des premiere et seconde bornes, la 
premiere borne etant couplee au premier 
noeud (16), la seconde borne etant couplee a 20 
un noeud intermediate (26); et 
un circuit de commutation (18, 22) pour coupler 
selectivement certains condensateurs du pre- 
mier reseau (12) et du second reseau (14) de 
condensateurs respectivement a des tensions 25 
de premier et second ensembles de tensions, 
le second ensemble de tensions comprenant la 
tension au noeud intermediate. 

4. Convertisseur selon la revendication 3, dans lequel 30 
le premier reseau (1 2) de condensateurs comprend 
cinq condensateurs (C1-C5). 

5. Convertisseur selon la revendication 4, dans lequel 

les cinq condensateurs (C1 -C5) possedent chacun 35 
une capacite relative precisa egale respectivement 
a 1C, 2C, 4C, 8C, 16C, avec C = 0,2 pF. 

6. Convertisseur selon Tune quelconque des revendi- 
cations 3 a 5, dans lequel le second reseau (14) de 40 
condensateurs comprend dix condensateurs 
(C7-16). 

7. Convertisseur selon la revendication 6, dans lequel 

les dix condensateurs (C7-C1 6) possedent chacun 45 
une capacite relative precise egale respectivement 
a 1C, 1C(31/32)C, 2C, 4C t 8C, 16C, 32C, 64C et 
128C, avec C = 0,2 pF. 

8. Convertisseur selon Tune quelconque des revendi- 50 
cations 3 a 7, dans lequel le condensateur de ca- 
drage d'echelle (C6) possede une capacite de 32C, 
avec C = 0,2 pF. 

9. Convertisseur selon Tune quelconque des revendi- 55 
cations precedentes, comprenant en outre un cir- 
cuit pour reduire, d'une quantite predetermines, le 
niveau de tension d'entree. 
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